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Commissioner for Patents 
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Sir: 



The benefit of the filing date of the following prior foreign application filed in the 
following foreign country is hereby requested, and the right of priority provided in 35 U.S.C. 
§ 1 19 is hereby claimed. 

In support of this claim, filed herewith is a certified copy of said original foreign 
application: 

Korean Application No. 2002-71046, filed November 15, 2002. 
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1101 Wilson Boulevard Suite 2000 
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Telephone: (703) 525-0978 
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1020020071046 #gj o^ >: 20 02/12/3 

^ zl ^3:«J-^{Magnetic tunnel junction device and 
Fabricating method thereof} 

£ 3a tfl*l £ 3e^r trf^ *i ^h*r« «J-w]cq 

SEM(Scanning Electron Microscopy) 

S. 5a ^ S. 5b-cr ^ #^Df ^e]^ *<3] 7f7l ^ ^ MR«1 ^ RAH] ^sj-* 

£ 6afe V=0^a^ MR^o. s 7j§£Hg MRH] ^<$o\) irfa ^ofl 
£ 7a^ 7]§ FeN ^ AlN^l ^r«Hl <2] t^o]^ 
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1020020071046 %^ ^7}: 2002/12/3 

S. 7t>T7 Ta/NiFe/FeMn/NiFe/N 2 ^^/Al(1.32nm)^ 7>^^ ^>7lE^^^x> 

£. 8a^ Ta/NiFe/FeMn/NiFe/Fe/N 2 ^&l/Al(1.32nm) ^ ^>^-#/NiFe/Au ^» 7>*1 

£M 1*1 3 £sH MR«1^ M-Ej-vfl^ ZLefl^ ( 

£ 8b^ Ta/NiFe/FeMn/NiFe/Fe/N 2 ^e)/Al(1.32nm) ^ ^§7NiFe/Au i^t 

Tiofl <i^sl tfiSH 4= ra&sI H-iMfe- zieflH, 

£. 9^ Ta/NiFe/FeMn/NiFe/Fe #e}-^n> ^ 302^<?> #e]- 

11 ; 71^- 12 ; Ajc^ 

13 ; 3X]^f^ 15 ; 

17 ; 7}7l7i*j- 19 ; Ei^^^* 

21 ; *Hf# 23 ; 

?1 7>7lE^^^7.> ^S«o V ^°fl SM^f. 
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<19> 



1020020071046 ^ <^ >: 20 02/12/3 



<20> ji^ ^ ± ^ ^^7j <% n ^ ^ x }7] ^ (m ma g n etic 

res i stance) «] ^ ^ ty-£r 7}*}^ 7>7]e^^^-o] A^^cf. ^] ^ 

4 RA *)]3.Z] ±z}o\) SW aijt cfl ^Hl(S/N; signal to ratio)^ 

RC(Resistance Capacitor)^]# #^1- irA*}- ^^o]c|- 

<2i> £ ^^oj 7>7lE^^^-^H^ ^^^^ E^^-^f^o.^ ^l^s]^ Al2 03^ 

<22> S. 1# ^-2:^^, Al 2 0 3 f^ ^] 7 > 3A^£ «i<5Rr ^-f , RA $-8: lO^Q M ra 26fl^ 

lO 4 .0^m 2 1 order ^ ^7># iL<ytf. 7>7l dt*H 9l°] 

RA 10ki2/^m 2 ol^olji el = 3 -g-g-ofl SH^tt I0i2^m 2 7 ].*) fe 

RA^ Ei^w^o] -L^ofl S 1 ^>o S> ^efl 7}7)B\^^^± 

*2lWW\& fc£ MR«11- M-Ef^^ A1 2 0 3 ^ E^^^O.^ o]-g.^j7 ^-7] 
Al 2 0 3 i?-i- 1mm ^-^Ml ^lS*>J17> i^^^^c]-. E^^-tf^^. = 

< 23 > o)e^> « o v^ olsqofl ra ^ -aj £ ^ - £^ m 2 o.^ ^ ^ ^^ 7> 

^— ^ RA3M: ^ MR «1» -fM^ ^ fto.^ 
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<#JL*V 5^JE* 7\X]7\ $\n ±^9] Jf-*fl* 7fx]b E^#^f-§- 7}X|^ ^>7]Ei^ 
7l|ft4 #7l ^7lE^^^-^># JL MRWjaf ^ RA ^ 7M£5- 

°1 ^ 71 #3 SHU 

<24> £ ^ o. ^ 71^^ ^-^1^^; % V< £€ ^^-S, 7>7lE^ 

3 ^ *o V # Jl^^^. #4i>M ?1 JL <£jr*> 7>7lE^^^7> ZL *fl 

<25> # 7 ] 71^^ 4^1- ^*V7l fl«H ^£r, 

<26> 71^ , 71^ ^I^S 3#3^r El^^# 7>-R-§^ ^tl^Rr 

7>7lE^^^7Hl Si^H, 
<27> #7] JL^#4 #7l E|^#*j# AVo]^ ^l^-^^l T^T^J- S) # 

O] 7fl^£lJI, #71 *}7]^Q^t£i7\-7} #3im°.3. ^^51^^.5.^ ^^^^ 

* 7M^ ^"ir ^ *>7]£|^3^1*>* ^1^-W. 

<28> #71 71^^ ^*>7l £ HLth 

<29> 7m #6fl JL^#^- ^Zj-tb #71 Jl^^Sl S^-g- #El-^P> *}E)*Rr 

oo> #71 #<hi e^#«#, *Hf^ sg^-fr ^itfls #^>ji <i^el*H 

7\7] 7] ^ 7}7]B\^^^}% *fl2:*Rr ^12^1;* S^Rr 7 AS> ^T^ 

*Rr ^>7lE^^^7.>^ ^"J"^ afl^tj.. 



28-7 



1020020071046 # ^ 2002/12/3 

<31> #7] E^^-*^, Xhfr* ^, W^tJ.. 

< 32 > -8-71 ^llHa-TlHH, # 7 ] ^ #^nf ^s] fe ± % o^o] ^ «.fl 7 H 

<33> #7] *)l2#7lHH ( # 7 i g*]e)ir 150°C tfl*l 300°C^ ls\ 7}^}JL 

<34 > ^71 ^l2^7flo]lA-l i # 7 j ^^S]*>^ 7>7l^ ^17^4. 

<35> ^.7] Ei^ttj^o. ^^Bjs]^ ^ ±7} ^^4, 

<36> 'JL%*± ^r7) 7}& ^o\) A]EL%, djij* #i=^o] ^cfl S ^£|<H o) 

<37> a^H, ^-7] NiFe> Ru g Ir - ^ ^uj.^ O^O^is. 

^•71 FeMn ^ IrMn ^ Srfq-s. ol^oj*)^ ##7^ #0]^ , 4^0. 

NiFe ^ CoFe ^ 0^0^] - #7}^* 4 . 

<38> ^-7] 7>7l7i^ FeN^- S^Rr ^^^Cjji, ^-71 E) AlOx 

<40> ol*> M. ^O] *JAHH n}«. 7>7l7i^^7> *2 ZL *|2ig|-lg* 

<41> IE 2^r #^2] ^AHH 4= 7>7l^^^^ ^£olcf. 
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1020020071046 %:^ 2002/12/3 

<42> 7}%, 12^ ^l = #(seed layer), 13^ ^ Spinning layer), 15^ 

^^-iHpinned layer), 17 *>7l ^ ^ ^ # , 19 \^^^( tunnel barrier), 21-8: 
*KH^(free layer) ^, 23-^ ^^(capping layer)* M-B^H , ^7} f-i-^ 
MTJ (Magnet ire tunnel junction) fSf &t}. 
< 43 > Al£f (12 )A NiFe, Ru iE^r, Ir ^^^Jl, ^^(13)-& FeMn, IrMn ^ 

^W^o.^ ^#(15)£: NiFe, CoFe ^ t^S ^^tr^. 

< 44 > a- ^a^H aj-^ ^l^^^Rr #efl£] MTJ^S^ ^e) ^^(15)^ 

B^^f'dg)^ 0 !^ ^>7l^^3l^(i7)# c-1 ^wjSRr ^-^6.5. *M}. *r7l*)* 

^#(17)^ ^ = ^(15)^ Aj-^ofl ^ ^^5]^ FeN^j- 

<45> X}7}X\^V)Z\^(17)2) B^^^(19)ol ^^^d], E^^-*#(19)^r 

AlOx 5£fe AINxOx 3. o] s-o]^]cf. E^^-^^(19)^ -#^ofl^ NiFe ^ ^Aj^o.^ 
oI^^Itt *Kr#(2lH zl ^^]^ Ru^o.^. ^^^^ ^^^(23)^1 

<46> £ 3a £. 3exr ^HH 7\v] ^ ^ *flS*Rr 



< 47 > £ 3a ofl ^o], 7l^r(ll)* p>^t!r cf-S-, n tf^«*H ^1 = ^(12), 

*)W(13) ^, ^^(15)* n>Zlx-1]E^ Al^efl^- oj-g-^ct) ^cflS f^tt 
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<48> tf-g-, ^ = ^(i5)sj s^ofl #e}^n> £ 3c^ £ 

°1 zl a^ofl ^>7l^^-iH^^(i7)-fr ^tr^r. ^>7l^*»H^^( 17)^1 ^^s]^, n. ^ 
ofl CfA] ^e]^ 7l## °l-§-*H ^i^-sL E^^#(19a), 7Kr#(21) ^, 
(23)-g- ^^>JI 1^ 1*1^* *l*3*Rr ^-9} ^ 3. 

7>7l^-# ^HI-jl, <t^e]^ 150-300 °C ^ #°]3r 7><g^Jl 

E]^^^(i9a)<Hl ^±7} ^^MH ^tJ-f-^-S^ ^^^-«f^(l9a)^ ^^7> £ 
S^H #°ltr ^7>^S^ E]g #«^(19)^-S. ^tr 1 }. £ 3e^ ^€ ^}7]B\^^ 

^7}9] ^-2:1- J±<?1 i^o]cf. £ 3 e ofl £A]4g 7>7lE]^^^-Ji7>£L| £ 2<*fl £A] 

<49> £ 4^ ^-t^o) ^Al^ofl 14 s. ^E^^^h*}-^ ^^<^11- Ji^l 

SEMCScanning Electron Microscopy) A V^1 0 1 ^ : 
< 50 > £ 4# 7l^r(substrate)^Hl RuS °l-f-<H*lfe ^ = #(19™), IrMnAS. 

^£ ^#(17nm), CoFeS °1 -?-<>| *1 ^ = ^(5nmH ^cfl^ ^aJ-^JL, ZL ^^<H] 

^ #Sr^> «H 7>7l7^J-Wl3l^ ( ZL -#^ofl AlOx^ Ol^-ol^l^ 

^ltr*}. 3E^<*fH ^^W^f^ E^^f^ A10X+N 
<H S^. ^ofl^ ufAl NiFeS 7]-e-^(25nm)ol f^S)^ t}Aj 

ZL Aj-i^ofl RuS ol =-^^1^ ^3g^( 18nm) ol ^aj-^ j7 230°C°1H x\7]x\-%v] 
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<51> 



IE 5a ^ £ 5b^r £± #^p> ^e] Jfs] *}7l3^-<S] MRti] g RA«] 9] 

<52> ^ o_ ^ ^ Si/Si0 2 (200nm)^ ^ofl 8><L0-8Torr ^je* 7 ].*j- 

dc Hlfe rf ^ntilH^ a]^* a)^-oi Ta(10nm)#, 

NiFe#(14nm), ^-#^1 FeMn^(lOnm) a^o] NiFe^(6nm)* ^cfls. f^t}. 
^3>o) ^ff-^^ Al-g-^H lOOmTorr^l N2 ^ 7 ]ofl^ 

<53> 4-8-, Al#(1.58nm), NiFe^(20nm) ^, Au#(20nm)# cf^l 7l^sL «§^> 

^ 1*1 Bj» I1t4. I^tt 5>10-6Torr^ <l^e) 

^WTfl 150 Oe^l *|-7}#* °]7H*t|.. I^B]^ 180°C, 230°C, 270°C^ 

<54> o^, ^ € ^lE^th^Rr Ta/NiFe/FeMn/NiFe/Al 2 0 3 /NiFe/Au^ o] 

^<H*!4. S.^ W ± V&<**\ ^ 4^*^* ol^ H 

<55> £ 5a ^ ^ ^e]sj^l ^ ^(fl)4 £± *|em ^^-(gi)^ <i*)e] ^ 

3M cfltV MR«1^ ttlsj-l- i<ycf. 

° ] m-^ji, Rp ^ ^ mr «i7> 

- *MH§^ *^^7]7> -g-Ol^a^ 7f7l Ej^^^7H HlEofl 

<5?> , 

i^n-y i] ^ 
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<I^sl ^(<i^^ ^r£=0°C) ^ ^ 3^(gl)£- 102:51 ^-o> ^ 

§^ D > *>^^13E. «-^*Kn. ^ 3tKfl)3 MR«1 149W1 a]sfl 

°H-r- ^ MRW] 6.6%!- tiolcf. oj 5] MRWlo| ^^n\d\) ojsfl NiFe ^ 

X^ofl FeN £E^r NiNy ^ #°l$r ^3<H A1 2 0 3 #4 NiFe#3 Tfl^ofl # 

-&-E7}- 230°CS. ^7>f-ofl ttf^ si sl^l ^^-(fi)fil MRHl^ i4%ofl 

37l^ ^fc^ajsq*! ^^-(fl)ofl WlSfl ufl-f 23010^1^ <t*i5]*Kr 

^el^ ^^-(gl)^ MR«1^ ^ ^(fl)5) MRtilic]- ^ is.7% °]t±. o} 

si*!- lldi ^s]^ ^(glHHsl <t^sH s]^- mru]^ ^z?\i& s)4£ 7 |h £o) ] 

^tb Al 2 0 3 5| C^o] ^ Bj^-^jjJ. ^£fS] 7j)^H 

£ 5b^ ^ ^^-(f2)4 ^^sj^ ^( g 2)5l 7l^s}- si RA 

1*13 <4^- i^lcf. 7l^S]-^ l^e) ^(T 8 =0°C)5] RA ^ilsl 

3Efl = b 7l§5(- #3 RA^l ^cfl^-g, 14^4. f3fe ;g^e|s1*l RA 

g3^r ^^^S]^ ^tfl^ q-Hfvflcf. RA ^ *KH§^ Ji^^Ti^l 

^2fl£t %S*>^, ^^3*1 ^ ^(f3)£l <i^e) ^ ra^ 
390k^//m 2 ol ji, l^sl ££1- #7>a1 ^ oi] tcfe} ^7^H ^ Jl^) MR«ll- H-nHfl^r 
3 ^ 230°C<HH^r 418ki3^ m 2 ^ ^o]j7 o}cf. t^t} ^ <g^^ ^oflAi ra ^ 
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3Bi*HrHl o}9\. ^ 5L 5a°)H fl^l i&aj-^ -frA>^4. ^^^elsl^ 

^^(f3)^ RA 230°C^1^ 1*1 3 #7>A}7]ig A l 2 0 3 ^ofl a> 

<I*i3 ^ e^^a ^ ^^-ofl 4^ MR^- RA 3H] 1 

^(g3)£r €3 RA 3M i00k£//m 2 AS ^^33*) ^ 

^(f3)^ 390k£^m 2 ^.cf ^ ^ 7>^lcf. <g*^ ^-£ 7 > 180°C?}*1 ^7>^; nfl^l 
^S^em ^^"(g3)^ RA&£- ^tt ^7}^7\ 230°C°)H : b 78kI2^m 2 AS. <I*ie) ^ 
£l RA & 100k£//m 2 1±4 ^^^14. 

°lai*!r ^ 1-^4 *1sH ^*fl ^S. NiFe#-4 A1 2 0 3 # ^Hl £r£.is\jL 

£ ^^-(g3)^ RA^ol ^ 5} 1- nfl f ^ #^p> ^e|6fl o|sfl N iFe^^ S^ofl 
^#*Rr Al*°l A1N ^ ^^ofl 7H*Rr ^JAS 

. JEE^-, 230°C^ 1*1 ^^^1 4^ iL^f ^ ^*°1 A1 2 0 3 ^A5. ^E" 
£ MRwlsf ^ ra 3M; ^*Rr ll^M y^SLS. ^z]-^cf. o] 

sitt 7>^#^r AlN(-76kcal/mol)£l ^<H1 ^^.^ ^!f^} NiFe £^1 ^€ ^ 91^ 
FeN 4 (-2.5kcal/mol) SE^ Ni 3 N(0.2kcal/mol ) 3°1 ^3t)-§-£) Sflf2|iic} 

£ 6a^ VKHHsl MR&-2.S. 7)^s\-sl MRwl^l ^<iHl 4^- l^el ^i^l 

4^ M-Ef^ ZLSflno]^, £ 6b^ MRw] 7> t^S ^<H*l*r 3^1 ^°J-(Vi/2Mr)^: 
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<65> 



1 ^^33 ^(18(TC, 230°C, 280°C)^ ^ ^ ^ tflifl 37l ] «] 

MRU] 5] ^<y-oil rcj-s. ^sH^tf. 
<66> £ 6b« f4^r £ 6a^ <#*JSHH ^ofl ttfJa Vl/2MR ^- 

g4^ £ 6b^ ^ofl ^ Vl/2MR# t).^^. ISO^H <£*W 

* *£tf(g4)iLi* «Jfcfltf(f4)4M Vl/2MR ol ^ tf* a* # ^ sa 
*H 1*13 #((TC)3 tN* Hlcfl^l^o] ^cq Qjo^tK 230 t4H 1 

«Mtf(f4)«Ha] Vl/2MR ao] -g-^og.^)^^^ Vl/2MR ^ #7H1 a]* * 

* ^7>^7)1 5^ ^o^o] y 1/2MR ^ ^ ol7> 143mVo)1 ^ ^ 

NiFe#4M *J^7> <gx\z]3_ <*l*fl A l 2 0 3 E^^^o.^. ol^tfe 
-a- ^4^1^. 

<67> £.7afe 7]$ FeN $ AIN^ ^«H1M*H ^ # ^ o]fe a2))£oU> £ 
Ta/N i Fe/FeMn/N i Fe/N 2 *1 *M / A 1 ( 1 . 32nm ) ^ *>7l E) M ^fc^Hfr ^ 

<68> E 7a# FeN *. 396eV ^ So1]Ai q.^^ A1Ifg . 398eV ^jroflX] 

#5^pH1 ^#^17)^1 ^ ^ , 10^ ^Ajtl ^o. ( 30^ ^Al^l ^-o., 60 ^ t # 
3-f7> £ 7M1 ^ W flfci*., i#Al^ol ^7}iK^ FeN^] ^MV^m^o^ 
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1020020071046 ^ ^ 

396eV ^-£^1^ ^ v\EL7\ 33 ^ts\t\} uJ-Efu}-^ ~ ^4 ^ ^ 

FeN#o] ^5)^ ^ ^ 014. 
<69 > £ 8a g 8b^ z}-z}- Ta/NiFe/FeMn/NiFe/Fe/N 2 ^s]/Al(1.32nm) ^ <&*HS7NiFe/Au 



<70> 



<71> 



£ 8a« #2^, <&x\b\ ^(OtHfe ^ #ef^nHl ^#(t ex ) 0 l O^^l 

S W^, 30^o] ^o. H%^iolj7 602,0] ^o. 10% ^ £S ^7>W. 230"C5. 

£± #eJ-s*M| ^ € ^RKt ex H 60^, 302, 10^, 02<y ^-f ^tfls 
13-17%^ MR«l#.M-^xflfe 3* # ^ 014 ^ H n V) oj^ ^ £7> 250 . c# ^ ^ 

aJ 7 H, ^1 ^ #5}^H) i,.^ Al7>( tex )ol 60^ 9J ^-f ^e] ^(CCHl 
^ MR«M oo]) 7\v\^ &-g- M-Eftflcf7> 180 l^e]^ MR«l7> 10%^5EJL €■ 
^7>^ 3^ « - tJ-A] 230 °C2. MRH]^ l4%oltf 0.3. ^ 7 >^ 

102:, 302: ^ ^^MIS. -B-Af^Tll 



28-15 



<72> 



1020020071046 ^ o^ >: 2002/12/3 

5. 8b» <i^E} ^(0°C)^ 180°CS l^s]^ ^-f ra^^ ^sj-fe MRwl 

^ ^Sj-^f al^^Tfl M-El-^loV, 230°CS. £*Je)«Hr ^-^ 180°CS. <Msj*Kr 
RA^o] -i- ^ ojcf. 250°C^4 ^ ^£5. <l*iE^Hr RA^ S 

- ^ *!* * ^ SU*. <^H, te}spfi t #£ ^^(te X )^l 60^ 91 

^ *d«rc)£] RA^ 20k^^ m 2ol^^7} 180°CS ^^s]^ RA^ 40k£W 

^ #^f^cf 7 > 230°CS. ^E]^ 30ki2/.m2o.S #±*}JL tM 250r°H v il3L 7 ^ 

<73> £ 9^ Ta/NiFe/FeMn/NiFe/Fe ^lE^^t^t £± #e}^n|- ^e) ^ 30 ^ 

<74> ^ #^PH 30^ ^<?V ^#Al^ ^ o. ^ §^p H ) i,#Al7l7l 

M-e}i4^1 ^c d 3) 37 > 395~398eV^]^ M-e]-^ 3* 1- ^ flo^ ^ ^s^Hl ±W 
^ A1N ^/Hl^ FeN°] ^€ 53* ^ 5S4. «*eM , ^ #^a*> ^j. ^ 40. 
Ta/Ni Fe/FeMn/N i Fe/FeN/A 1 Ox ( 1 . 32nm)/N i Fe/Au 2 
Ta/N i Fe/FeMn/Ni Fe/FeN/ A 1 N/A 1 Ox ( 1 . 32nm ) /N i Fe/Au ^1 7M^ 

<75> -M. ^Ajoflofl 4a ^7)E^^^-^ ^l^^ #^tV ^ Hi 

- ^"S** I^E)* ^ RA&# 7f7)^ JL^<>} 
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^*Rr ^H^jjitf, H>#^*V ^Ajafloj oflA]^ Sfl^Sjoloj: ^ 
<77> <« #<H « a Vtgol ^T*Rr 71^ ^-oHAi ^-Aj-o} ^ 

7l#^ Aj-Aj-ofl ^ E^*J-«*^ Afojofl Aj-ol^- ^^37 ^ 

H ^JES] JI^ ^ ojcf^ ^o]cf. 



<78> 
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1] 

71^4, 7)& -#ofl ^cfljg. ^5)^ JL^, ^, *KH§-i- ^l^Kr 

^"71 JL^^ ^7} B]^^^- A\o}6\] ^r°.3. ^l^^l 7>7l7^*J- tH 5] % 

* 7}7]b ^ 7>7]Ei^^^7|-. 

2] 

1 %H1 

^7>. 

3] 

^■<H*lfe ^ 7>7lE^^^7.f. 

4] 

#71 A|j=f^- NiFe, Ru ^ Ir # ^uj-s. ol=Lo^)^ 7^fo| 

5- *}^7 7>7lE^^^7]-. 



28-18 



1020020071046 # ^ <^ >: 20 02/12/3 

[^t 1 * 5] 

*fl 3 %H1 fl°H, 

FeMn ^ IrMn ^ <^ ^q.^. o]=Lo^j^. o^^H^o] ^ 

6] 

^-71 3x) = ^ NiFe * CoFe ^ *>M-5. o]i=Lo^li=. #*H#<y ?J-g- ^io s 
7] 

^i i ^hi sa<H>H. 

*> 7 1^ FeN^- i^Rr ^sf-^^o] ^ ^io S ^ >7lEi 

8] 

*ll 1 5a<>H, 

i^^r 9] 

*fl 1 £^1, 

^71 ^^e]^ 150 300 M ^jejl 7><gf> cf-g- a^a171^ 4^io £ ^ 
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10] 

7l# #ofl JL^** 4-8", #7l JL?$%-2) £± #5f^nf *] 3 SRr 
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